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Questions concerning the formation of cullet in the form of solid household wastes and at enterprises which 
reprocess sheet glass are examined. It is shown that cullet is promising for use in manufacturing materials used 
in different applications. Decorative facing materials — steklokremnezit, steklokeramit, pressed tiles, and 
smalt can be made with a wide range of colors, different configurations, and dimensions. Heat- and sound-in¬ 
sulating materials based on granular, tile, and block foam glass and slag foam glass are of practical interest. 
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Special attention is now being focused on the efficient 
use of mineral resources in the production of different con¬ 
struction materials and articles. The problem of making effi¬ 
cient and comprehensive use of raw materials is inseparably 
linked with the level of industrial development and is of 
great importance for all industrially developed countries. The 
development and adoption of low-waste and waste-free tech¬ 
nologies and improving the quality control of raw materials 
and finished products are directed toward decreasing wastes 
and losses of raw materials and materials all stages of their 
processing, storage, and transport and fuller use in the pro¬ 
duction of secondary resources and byproducts. 

First and foremost, cullet is a valuable raw material. Par¬ 
tial substitution of cullet for batch permits decreasing notice¬ 
ably the consumption of raw materials, some of which (for 
example, soda ash) are in short supply and expensive. Ac¬ 
cording to a number of economists salvaging 1 x 10 6 bottles 
conserves 300 tons of quartz glass sand and 100 tons soda 
ash. For every 100 kg of cullet introduced 126 kg of primary 
raw material is conserved. 

The introduction of cullet into batch is promising for de¬ 
creasing energy consumption and saving fuel, since the sili¬ 
cate- and glass fonnation processes in melt proceed at lower 
temperatures; this is confirmed by many investigators. Thus, 
for glass obtained by melting batch the energy consumption 
was about 2 x 10 9 J/ton, while for glass obtained by remelt¬ 
ing only cullet this figure does not exceed 1.5 x 10 9 J/ton. 
The calculations were performed for furnaces of the same 
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type and the same temperature conditions and glass composi¬ 
tions [1], 

In studying the possibility of conserving energy in the 
production of container glass, depending on the amount of 
cullet substituted in the batch for primary raw materials the 
conservation of energy not only for melting glass and fining 
the molten glass but also for obtaining, processing, and trans¬ 
porting raw materials was taken into account. It was found 
that every 10% increase of the amount of cullet in the batch 
results in the electricity conservation by 4.4 and 1.1%, re¬ 
spectively. According to other information, the fuel conser¬ 
vation is 0.25% per 1% cullet introduced. 

The German firm Zippe GmbH, the leader in Europe, de¬ 
veloped a design for a plant which salvaged cullet [2]. The 
technological arrangement of this plant formed the founda¬ 
tion of the typical lines developed. 

The cullet flowing into special, secondary raw material 
bases are loaded into a hopper whence a vibrating feeder 
feeds into an inclined belt conveyer. The operator can regu¬ 
late the feed rate of the cullet depending on the amount of 
contamination present in the cullet. An electromagnet is in¬ 
stalled at the end of the conveyer to segregate metal inclu¬ 
sions. 

In sorting segregation the operators work manually on a 
horizontal conveyer and remove the foreign inclusions con¬ 
sisting of ceramic, stones, paper, polyethylene, and others, 
which are then discarded into containers; cullet is fed into a 
hammer crusher that comminutes it to 8 - 30 mm size frac¬ 
tion. A screen is located directly under the crusher; the fine 
fraction of the glass and the adhered soil are separated on this 
screen from the rest of the cullet mass, and vacuum nozzles 
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are used to remove light-weight inclusions (aluminum caps, 
foil) from the required fraction. Next the prepared cullet is 
once again subjected to electromagnetic processing to finally 
remove the magnetic impurities and, using a conveyer, it is 
loaded into railroad cars for shipment to customers. The 
cullet processing capacity of such bases is 20 - 25 tons/h on 
average. 

Some glass plants use, in addition, wet cleaning of 
crushed cullet to increase the light transmission of glass 
articles. 

Ordinarily, manual sorting of glass by color (colorless 
and colored) is performed by the technological scheme de¬ 
scribed above. However, there are a number of technical so¬ 
lutions for automating the process of separating glass wastes 
by color. For example, in Germany a method and a facility 
using an electro-optic system have been proposed to separate 
container glass cullet from city and industrial wastes by 
color [3]. 

The method is based on measuring the in intensity of 
light which has passed through glass immersed in water with 
refractive close to that of glass in air. Water with added 
sugar, glycerin, and surfactants is used as such a liquid. The 
container with the liquid is placed in a special identification 
chamber with a mechanism for separating glass and with ele¬ 
vators for removing the separate cullet. Two pairs of radia¬ 
tion emitters and light detectors are built vertically into the 
bottom of the chamber. Light guides tie the emitters to a light 
source and a control circuit with a separation mechanism 
couples the detectors. 

The apparatus described operates as follows: pieces of 
cullet enter the chamber through a receiving funnel. When 
colored glass enters the intensity of the transmitted light 
changes, and the electro-optic system generates a signal that 
is fed to the separation mechanism, which directs the glass 
into an appropriate hopper. The separation mechanism can be 
made in a mechanical or hydrodynamic variant. At the same 
time cullet is separated into colorless, brown, and green 
colors. 

Many investigators are especially interested in the prob¬ 
lem of separating and salvaging glass wastes in city dumps. 
The composition of the solid household wastes can change 
depending on the geographic position, time of year, and cli¬ 
mate, and the level of development of the region. 

City garbage contains the following: 6 - 9% magnetic 
and nonmagnetic metals, 35 -43% paper, 5 - 12% plastic, 
3-4% textiles, 16- 19% food wastes, as well as ceramic, 
glass, and other materials. The glass content is, on average, 
8 - 10% of the total amount of wastes. 

As a result of this composition of city garbage there is a 
justification for processing if different materials can be sepa¬ 
rated, since the separation of one material is not cost-effec¬ 
tive [4]. 

However, the directions of processing city wastes can be 
different depending on the local conditions. For example, in 
the USA the main thrust is to obtain fuel, magnetic metals, 
aluminum, and glass. There is much less interest in separat- 
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ing paper and cardboard. In European countries a great deal 
of attention is devoted to obtaining paper and plastics. 

Cullet extracted from solid household wastes contains in¬ 
organic refractory impurities (corundum, mullite, quartz, 
porcelain, and others), admixtures of magnetic and nonmag¬ 
netic metals (cans, metal plugs, rings, and others), as well as 
organic impurities (paper, cardboard, plastics). 

Particles of refractories entering molten glass do not 
completely dissolve in it. This serves as a reason for mass re¬ 
jection of finished articles in the form of stones of different 
size. The metals and organic material can dissolve in the 
glass melt and give rise to an undesirable change in its color. 
For this reason cullet separated from city wastes and in¬ 
tended for secondary use must be processed in this manner 
so that when the cullet is used the glass quality would not 
change. The admissible limits on the content of impurities in 
the recovered glass are: ferromagnetic metals — 0.01%, non¬ 
magnetic metals — 0.01%, organic inclusions — 0.05%, and 
inorganic impurities — 0.05%. 

At the present time practically all European countries, 
the USA, Canada, Japan, and other countries have adopted a 
system of dry sorting of city wastes including the following 
basic stages: separation of ferromagnetic metals, separation 
and sorting of glass by color, separation of inorganic impuri¬ 
ties (aluminum, stones, ceramic, and others), segregation of 
organic inclusions, and crushing glass. 

Ferromagnetic metals are segregated by electromagnets 
placed, as a rule, above a belt conveyer, along which all en¬ 
tering wastes pass. Often, this operation is repeated twice: at 
the start of the process line before and after comminution of 
the glass. 

The segregation of the light fractions (paper, cardboard, 
plastics, and others) from heavier fractions (glass, stones, 
nonmagnetic metals) is accomplished by means of a jet of 
suction air. The segregation of the stones, ceramic, nonmag¬ 
netic metallic inclusions (mainly aluminum) from glass at 
most operating plants is performed manually and partially 
combined with sorting glass by color. 

Sometimes, these foreign inclusions are separated me¬ 
chanically: vibrating screens, drums with spiral inner barrier, 
and other devices. The inorganic inclusions and cullet can 
also be separated by gravitational flotation, where to improve 
the conditions for flotation and ensure the most complete 
separation of the glass particles from the comminuted solid 
city wastes it is recommended that their surface be pre-acti- 
vated by adding a water solution of compounds of bi- or tri- 
valent metals (Ba, Ca, Al, Mg, and others). The largest effect 
from the use of activator ions obtains at pH = 3 - 12 for dif¬ 
ferent metals. It is more effective to perform flotation in a 
mixture of water with sulfonates (alkyl sulfonate, aryl 
sulfonate, alkenyl sulfonate, and others), containing more 
than five carbon atoms (preferably 10 - 30). The amount of 
sulfonate introduced is 0.068 - 0.91 kg per 1 ton wastes. The 
optimal glass particle size is less than 2 mm. 

After the magnetic inclusions are segregated the commi¬ 
nuted material is suppose to be passed along an inclined sur- 
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face of a steel plate on which it is separated because the coef¬ 
ficients of sliding friction of different inclusions are not the 
same. Next, to remove the nonmagnetic metals completely 
gravitational separation is performed in a salt bath and then a 
concentrate containing 99.0% glass (predominantly carbon 
as an impurity) is obtained by means of foam flotation. 

However, these methods of mechanical sorting are not 
widely used because of they are not cost-effective. 

It is entirely obvious that from the standpoint of effi¬ 
ciency and quality of screening of secondary resources, spe¬ 
cifically cullet, sorting of solid household wastes (SHW) at 
their sources is preferable. 

Thus, the following problems are solved: 

- environmental: reduction in the consumption of natu¬ 
ral resources by returning secondary materials into produc¬ 
tion and extending the service life of existing SHW dumps 
by decreasing the volume of wastes buried; 

- aesthetic: adopting separate collection, which presup¬ 
poses the use of eurocontainers and back-loaded garbage 
trucks, which fit into the city’s infrastructure more harmoni¬ 
ously, and are convenient for collecting and transporting 
wastes; 

- economic: obtaining a profit from putting secondary 
raw materials to use and the expenditure of this profit on the 
future development of the waste handling system, as well as 
decreasing the cost of removing SHW for burial. 

The experience of the “Steklo Resurs” Company which 
is the leading company in St. Petersburg in the field of col¬ 
lecting and sorting cullet merits attention. The company part¬ 
ners with the leading beer companies and glass producers in 
Russia and the countries of the Commonwealth of Independ¬ 
ent States and has a wide network of receiving points for 
glass containers, which makes it possible to accumulate and 
store a large amount of sorted cullet. In 2006 the company 
delivered 20,000 tons of sorted cullet to glass enterprises 
producing glass containers. 

This company solves an important environmental prob¬ 
lem of any megalopolis — collecting dangerous types of 
waste — glass, which does not decompose in the ground. 
Centralized collection of broken glass and non-liquid bottles 
allows brewers and liquor producers to conveniently elimi¬ 
nate broken and rejected bottles and glass refuse as well as to 
remove from the city streets bottles that are unsuitable for the 
receiving points for glass containers. 

In addition to the delivery of collected and sorted cullet 
the company offers processed European quality cullet. In this 
case the cullet is sorted by color. In the process all mechani¬ 
cal impurities and refuse are removed from it. Then the cullet 
is washed and crushed to particle size 50 mm. The cullet is 
allowed to contain corks, paper, and other organic impurities 
in amounts no more than 2%. 

Cullet must be stored on special sites with a solid cover 
or in separate bays, which prevent contamination and mixing 
of grades. 


The sheet-glass cullet sources are commercial glass-pro- 
cessing enterprises; cutting, mechanical working, tinting, 
mollifying, quenching, and hardening. 

Specifically, in Moscow there are more than 50 organiza¬ 
tions which fabricate articles from sheet glass: glass furni¬ 
ture, floors, glass packages, store window glass, doors, tinted 
glass, temperature glass, architectural glass, stain-glass win¬ 
dows, mirrors, and so on. A large quantity of waste is in the 
form of scraps, broken glass, and unusable articles. 

The sheet-glass wastes can be recommended for use in 
the production of decorative facing materials. 

The scheme for preparing cullet includes the following: 
collecting glass, crushing, removing foreign impurities, and 
comminuting to glass powder. 

In organizations that produce hardened bulletproof glass 
and shockproof glass, specifically for glazing airplanes, 
banks, museums, pavilions, and so on wastes of so-called tri¬ 
plex, i.e., multilayer glass strengthened with an organic film, 
can accumulate. This glass cannot be crushed; surface cracks 
form on it. The interlayer film can burn out when the article 
is heated to a high temperature of the order of 600 - 750°C. 
Harmful organic components are released into the atmo¬ 
sphere, which requires exhaust ventilation equipped with a 
filtering system. In other words the processing triplex re¬ 
quires high-temperature energy-intensive equipment, multi¬ 
ple stages, and a complex process. 

The simplest and widely used method of salvaging cullet 
is to introduce it into batch for making commercial glass 
(mainly container glass). The only novelty in this direction is 
a substantial extension of the limits of cullet content in batch, 
which can reach 90 - 95%. However, to ensure that the glass 
obtained is of high quality it is necessary to avoid introduc¬ 
ing very large quantities of cullet of other colors and compo¬ 
sitions. For example, up to 25% brown cullet, 10% white, 
and no more than 1% cullet with other colors can be intro¬ 
duced in batch to obtain green glass. 

The use of cullet in other promising directions has been 
widely studied in recent years. 

Comminuted cullet can be used as filler in road coatings 
in combination with asphalt and bitumen concrete. The best 
known is asphalt, tested in the USA [5], which can be used in 
cold weather. It contains 60% ground glass, 33% rock flour 
and 5% asphalt. Unsorted cullet can also be used to prepare 
it. The surfaces obtained have good structural properties; 
since glass retains heat well, “glassphalt” can be laid at lower 
temperatures than the standard mixtures. However, cullet 
consumption is very large. For example, 1450 tons cullet is 
needed to cover an approximately 300 m road. 

The compositions and technology for producing color¬ 
less concrete with high operating stability (acid-resisting 
concrete), light concretes (cellular concrete) based on differ¬ 
ent types of cullet (picture tubes and electronic tubes, win¬ 
dow and container glass, and others) have been developed at 
the V. V. Kuibyshev Moscow Civil Engineering Institute 
(Moscow). This technology can used to manufacture side- 


Cullet Use in the Production of Building Materials 


165 


walk slabs, edging, bricks, tiles for facing building socles, 
and other articles. 

The articles obtained can be used as floor tiles in com¬ 
mercial and agricultural buildings and buildings with high 
corrosiveness of the medium. 

Cullet screened into different fractions (large — 6.35 - 
19.0 mm, average 1.4-6.35 mm, fine — <0.18 mm) can 
used as an addition to Portland cement and polymers. The 
composition for obtaining composite material in combina¬ 
tion with polymer includes cullet of different fractions in the 
following ratios (wt.%): large — 45, medium 25, fine — 30. 
Average content of cullet is approximately 20% but can 
reach 50%. 

To improve the adhesion of glass to a resin- or ce¬ 
ment-based matrix it is recommended that the cullet undergo 
preliminary processing. For example, for polyester resins the 
glass surface is modified using trimethyloxysilanes with the 
general formula (CH 3 0) 3 SiR, which interact with OH groups 
on the surface of the glass. In the case of vinyl polymers, a 
chlorine-containing organic complex of chromium has 
proven itself well. After the surface modification the glass 
granules are dried and mixed with a monomer, binding agent, 
and catalyst, after which molding and polymerization are 
performed. The final strength of the material depends on the 
grain composition of the cullet used and to a larger extent on 
the preliminary treatment (modification) of its surface. 

The same tendencies are observed for a cement matrix. 
For example, a decrease of the compression strength by 25% 
after 18 months of storage at 20°C was observed in a sample 
containing 35% glass in a cement matrix with no additives. 
When 3% polyvinyl acetate emulsion under the same hold¬ 
ing conditions was introduced the compression strength of 
the sample increased by 40%, even though the starting 
strength was lower. 

Blocks with volume to 0.3 m 3 can be obtained from com¬ 
positions based on glass and polymer wastes by the casting 
method. For a correctly chosen percentage content and defi¬ 
nite grain composition of the glass no cracking and deforma¬ 
tion of the castings is observed owing to the release of heat 
during polymerization of the resin. 

Articles with a more complicated configuration can be 
obtained. For example, a flange with inner diameter to 12 cm 
was obtained from a mixture containing 0.195- 1.4 mm 
cullet particles. Prior to introduction in a polyester resin the 
cullet was subjected to preliminary treatment. The indicated 
limits of the glass particle sizes were chosen so as to obtain 
the optimal combination of the compression and tensile 
strength. 

Effective results were attained by using finely dispersed 
technical thermoplastics. The introduction of glass powder 
into paints increases their coverage, resistance to wear, and 
chemical action and imparts a definite texture to a surface. 
Glass powder can also be used as filler for rubber, increasing 
its durability and hardness. 

Cullet combined with polymers or cements can be used 
to press tiles. The diversity and intensity of the color of tiles 


are obtained by introducing colorants in the form of solutions 
or dry additives with grinding. The colorant molecules are 
adsorbed on the glass surface and are not removed when ex¬ 
posed to water and ordinary solvents. It should be noted that 
the shear resistance of tiles with filler made of ground cullet 
is quite high (70 - 100). 

The durability of tiles with cullet filler is very high: the 
losses (decrease of thickness) were 0.584-0.813 mm after 
2500 revolutions with test speed 65 rpm and load 1 kg. For 
comparison the durability of high-quality finishing cement is 
0.89- 1.53 mm. 

The positive effect of cullet on the properties of ceramic 
facing tiles is noted in works performed at NHStroikeramika 
[6], Introducing up to 30% ground glass into the press pow¬ 
der intensifies the sintering of the tile, decreases the moisture 
expansion of the tiles, and increases their frost resistance. 

Cullet can be used to produce decorative panels. The 
light transmission of such panels based on polymers and co¬ 
lored cullet can vary over wide limits, but ordinarily it is 
10 - 20% (X = 5890 A). They can be used as decorative bar¬ 
riers and covers. Multilayer panels with smooth exterior sur¬ 
faces and filled by filler consisting of ground foam glass pos¬ 
sess high acoustic and heat insulation properties and can be 
recommended for wall coverings in buildings. 

Cullet is successfully used as an additive in fabricating 
bricks without any special requirements imposed on its qua¬ 
lity. When 50% clay is replaced with cullet the firing tempe¬ 
rature of the brick can be lowered from 1170 to 900°C. The 
capacity of the furnace increases by about 30%. High-quality 
bricks are obtained from a mixture of 30% cullet, 60% waste 
brick, and 10% clay. Such bricks have a high resistance to 
weathering and are suitable for use as facing materials. 

The best method of salvaging cullet is production of 
heat- and acoustic-insulation tiles and composite building 
materials, specifically, different types of foam glass [7 - 14], 

A foam glass with high heat-tolerance was been deve¬ 
loped in Japan. This inexpensive material is manufactured 
from glass powder, liquid glass, and weakly alkaline slag. 

Granular foam glass with a fused surface can be obtained 
from cullet. In this case the cullet is ground, wetted, granu¬ 
lated, dusted with ash, and sintered. Depending on the type 
of foam-glass granules ash or foam-glass wastes can be 
added to the batch mixture before granulation. The amount 
of ash dispersed in the granules can reach 75% of the mass of 
the granules [15 - 16], 

Other methods of obtaining a cellular material, where the 
cullet is first ground in a ball mill to size 4-5 mm together 
with foam-forming additive, for example, soot, are available. 

The mixture is sintered in the form of a dense material in 
a reducing atmosphere at 760°C and cooled. Then sintered 
mass is ground, passed through a sieve with cell size about 
2 mm, and once again sintered in molds at 870 - 900°C, ob¬ 
taining a cellular material which after removal from the fur¬ 
nace is extract from the mold and fired. The density of the 
material is regulated by varying the temperature and is 
0.144 - 0.48 g/cm 3 on average. The advantage of this 
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method is that it permits rapid heating to the foaming tem¬ 
perature. 

Foam-glass granulate with compression strength 
4-12 MPa, intended for use as a filler for light concretes 
and manufacturing molded lightened building materials, is 
obtained from a raw material mixture which includes to¬ 
gether with glass up to 85% pumice, lava, or tuff. Tuff and 
lava can be introduced simultaneously. The raw material is 
comminuted and mixed with organic pore-forming additives, 
after which raw granules of different size 0.1 - 1.5 mm are 
formed, dried at 600°C, and foamed in vibratory furnaces at 
650-900°C in 5-180 sec. The foamed granules are re¬ 
moved from the furnace up to the moment when the bubbles 
can merge into large pores. For example, glass wastes are 
melted and the melt obtained is inflated into fiber, which is 
then comminuted into a thin powder. Next, a mixture consist¬ 
ing (wt.%) the following is formed: water — 100%, liquid 
glass — 32%, glycerin — 4%, sodium bentonite — 15%. It 
is mixed with powdered glass and raw granules about 1 mm 
in size are molded in a granulator. They are dried in a belt 
drier at 600 - 900°C, dusted with A1 2 0 3 powder to avoid 
sticking, and foamed in a rotary vibrational furnace at 700°C. 
The size of the granules is 0.2 - 0.3 mm, the bulk volume 
mass is 100 - 500 g/liter, and the largest pore size is 0.1 mm. 

Japanese researchers believe that the introduction of 
cullet improves the properties of slag wool [17]. When fur¬ 
nace slag is replaced by glass wastes (for example, container 
cullet) the tendency of the melt to spread decreases and the 
temperature range of slag wool production increases. The al¬ 
kali-resistance of materials containing up to 60% cullet is 
satisfactory. 

The “Institut stekla” JSC (Institute of Glass) in Moscow 
has developed and adopted a technology for producing 
long-lived and environmentally clean heat-insulation mate¬ 
rial — foam glass in the form of tiles, blocks, and granules, 
including the glassmaking base. The Institute also developed 
and synthesized glass for producing high-quality foam glass 
based on different types of initial natural raw material, cullet, 
and wastes from commercial production. 

The Institute of Glass is one of the first to develop a tech¬ 
nology for obtaining foam glass and can organize the produc¬ 
tion of modem heat-insulation material which is at least as 
good as the foreign analogues. The technology provides for 
flow-line production with a high level of mechanization, no 
commercial wastes, and no harmful emissions into the atmo¬ 
sphere. Complete production plants are equipped with most 
of the standard and unconventional domestic equipment. 

An effective heat-insulation, water-resistant, and envi¬ 
ronmentally clean material with a cellular structure and low 
average density was developed in the Department of Tech¬ 
nology of Separate and Insulation Materials at Moscow State 
Civil Engineering University on the basis of liquid glass and 
unsorted technical-glass cullet. The progressive “dry mine¬ 
ralization of foam” technology and rejection of energy-inten¬ 
sive autoclave processing make it possible to obtain articles 
from cellular concrete based on cullet, which are intended for 


heat-insulation of commercial and civilian buildings as well 
as commercial equipment and pipes with insulated-surface 
temperature to 600°C and higher [18], 

The department also developed a method of finding the 
composition of foam concrete based on cullet and technolog¬ 
ical scheme incorporating the following: crushing-grinding 
division, division for preparing the mold paste, molding 
posts, heat treatment, holding and finishing articles, and dis¬ 
mantling and packaging. Tests performed on the material ob¬ 
tained in accordance with the operative GOSTs showed that 
the enclosing structures made of cellular concrete based on 
cullet with average density 400 - 900 kg/m 3 are not only at 
least as good as structures based on autoclave cement cellu¬ 
lar concretes but also greatly surpass them. It should be men¬ 
tioned that on the bases of cullet it is also possible to obtain 
dense fine-grain concretes, which possess high performance 
properties. 

A definite advantage of the material obtained based on 
cullet is the fact that it can be produced by active enterprises 
in the construction industry which produce foam concretes 
without large capital investment. The cost-efficiency is also 
determined by the possibility of economizing Portland ce¬ 
ment, sand, and coarse filler. It should also be noted that the 
price of cullet will change depending on its source. For ex¬ 
ample, the price of clean cullet purchased directly at the glass 
plants will fluctuate from 500 to 800 rubles per tone and will 
depend on the supplier, the distance from the glass plant, and 
the state of the market for construction materials at any given 
time. If the cullet is transported by truck from refuse process¬ 
ing plants, then it is necessary to take account of the costs of 
cleaning the cullet and averaging its composition. 

Calculations show that the problem of reprocessing glass 
wastes in Moscow and Moscow Oblast’ can be solved by one 
large plant producing cullet-based foam concrete articles 
with capacity 20,000 m 3 /yr. According to the patent applica¬ 
tion [19], to obtain decorative tiles cullet is comminuted to 
0.8 - 20 mm, poured in a 6 - 20 mm layer into metal molds 
coated with kaolin, and sintered at 750 - 900°C for 
15-25 min depending on the composition. 

Decorative facing articles can be obtained from a mix¬ 
ture containing 89 mass parts cullet and 1 mass part colorant 
based on zirconium. Smooth disks with diameter 40 mm are 
pressed from the mixture; these disks are sintered at 780°C 
for 1 h in stainless steel trays [20], 

The authors of [21] propose using cullet in a mixture 
with carbonate ore to obtain boron-free, fluorine-free base- 
layer enamels which can be used as coatings for steel article 
of household and gas appliances. 

It is recommended that wastes of container glass or boro- 
silicate foam glass be used to obtain finely ground glass 
powder with particle size less than 0.44 mm, which com¬ 
bined with inert filler and binder in the form of ash of colloi¬ 
dal silicic acid form acid-resistant and heat-tolerant solution 
for setting foam glass blocks [22], The recommended com¬ 
position of the solution (wt.%) is as follows: glass powder — 
26-60, filler — 23-61, binder — 13-45, with ration 
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1.8 : 1 - 2 : 1. Comminuted foam glass, quartz sand, or (3-spo- 
dumene can serve as the filler. Blocks set on such a solution 
possess high heat-insulating properties, mechanical strength, 
and heat-tolerance. The bending strength of a seam, dried at 
room temperature, reaches 89% of the strength of the block 
itself. Under repeated thermal cycling from room tempera¬ 
ture to 35°C the bending strength of such a seam decreases 
only to 80% of the strength of the block itself. 

An effective building material based on glass wastes 
with addition of natural mica has been developed in Canada 
[23]. Container glass cullet which is pre-crushed and then 
ground to the fraction 150-300 pm is used for these pur¬ 
poses. The glass powder obtained is mixed with ground mica 
powder with the same grain size and wetted to 6%. The mix¬ 
ture is used to press blanks, which are annealed for 
60- 120 min in a furnace at 700- 1000°C. The materials 
obtained possess high mechanical strength and frost resis¬ 
tance. 

The authors of [24] have shown that it is desirable to use 
electro-vacuum glass cullet to fabricate low-voltage elec¬ 
tro-technical porcelain. It has a positive effect on very impor¬ 
tant electro-ceramic properties, such as the tangent of the an¬ 
gle of dielectric losses, the volume resistance, and the elec¬ 
tric strength. 

A technology for obtaining facing materials — glass- 
marble and foam-dekor [25 - 26] based on unsorted salvaged 
glass with no corrective additives — has been developed at 
Minsk Institute of Construction Materials on the basis of 
container-glass and top-quality dishware wastes. 

A technology for obtaining an effective facing material 
— steklokremnezit, obtained by sintering a mixture of 
glass-granulate and quartz sand with a decorative layer made 
of colored granules as well as a technology for porokrem- 
nezit — differing from the latter material by a lower volume 
mass [27 - 29] have been developed at the Lenin glass plant. 

An experimental batch of the effective decorative-facing 
material “Ekstragranit” using cullet and quartz sand possess¬ 
ing high performance properties has been produced at the 
Scientific-Industrial Association “EKSTRASTEP.” 

The greatest effect is attained using an extra-granite for 
facing socles of commercial, public, merchant, cultural-en¬ 
tertainment, sports, and other buildings to protect them from 
damaging actions. 

A technology for facing tiles (“avantyurina”) based on 
glass wastes with additions of chromium and copper oxides 
has been developed at the Dnepropetrovsk Chemical-Tech¬ 
nological Institute [30]. 

A technology for facing construction materials making it 
possible to salvage non-recyclable wastes from the produc¬ 
tion of reinforced glass, triplex, and slag-sital has been de¬ 
veloped at the Nllavtosteklo. Compositions for opacified 
colored glasses and a black color for marblite have been de¬ 
veloped [31]. 

The composition and technology for producing an effec¬ 
tive heat-insulation material “Kremnepor,” which contains 
ground glass as filler, have been developed at the Bor Glass 
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Works. This material has successfully completed testing at 
several nuclear power plants in the form of a warmer on the 
roofing of machine rooms [32]. 

A very promising and cost-effective direction is to use 
cullet in a mixture with slag for preparing different porous 
insulation materials [33 - 36], 

A new decorative-facing material steklokeramit has been 
developed at the “Institute of Glass” JSC. It consists of a 
two-layer composite material obtained by heat-treatment at 
930 - 960°C of a ground mixture of glass and clay. The de¬ 
corative properties of the new material are similar to the pre¬ 
viously produced steklokeramzit, and its physical-mechani¬ 
cal and technical-economic performances surpass the latter’s 
considerably. 

The bottom layer (substrate) of steklokeramzit, consist¬ 
ing of the ingredients listed above, is a sintered monolith, 
which possesses a rough surface to ensure its adherence to 
building structures. The substrate can be fabricated using 
purchased cullet meeting to the industry standards. The pres¬ 
ence of negligible quantities of inorganic contaminants 
(refractories, clay, and sand) does not play a negative role in 
using cullet in the production of steklokeramzit. 

The technology makes it possible to obtain not only tiles 
with the correct geometric shape in the form of squares and 
rectangles but also articles of different configuration and di¬ 
mensions, prescribed mold contours for firing, which greatly 
expands their range of application. 

A decorative layer of colored glass powder is deposited 
on the front surface of the tile. 

A technology for obtaining decorative facing tile by 
pressing comminuted colorless or colored cullet, uniform or 
a mixture of two or more types or uniform with colorant 
added in the bulk has also been developed at the Institute. 
Such a tile is fired in the temperature range 700 - 850°C and 
is characterized by uniform color in the bulk or multiple col¬ 
ors with a nonrepeating figure or with the facing surface dec¬ 
orated with paints [37], It is also of interest to develop new 
types of facing materials, based on glass wastes, distin¬ 
guished by a diverse color range [38] and an aventurine ef¬ 
fect [39]. 

Cullet is a valuable secondary raw material, whose use is 
of great practical value from the stand point of economizing 
raw materials and fuel-energy resources as well solving the 
problems of environmental protection. 

In industrially developed countries serious attention is 
given to collecting and processing glass wastes. This is done 
by specialized firms, which organize the collection of con¬ 
tainers and other glass wastes, providing for reprocessing of 
cullet (cleaning, sorting, and so on) and delivering color- 
sorted cullet with a definite particle size with the minimum 
content of iron and other inclusions to customers. 

Complete processing of city trash with extraction of 
glass wastes is also cost-effective. The technology for repro¬ 
cessing cullet has now reached a level where enrichment of 
cullet is cost-effective and worth its full value. 
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The existing directions for using cullet include the con¬ 
ventional method of using it in batch for secondary 
glassmaking. The introduction of elevated quantities of cullet 
(to 90 - 95%) conserves substantial quantities of raw materi¬ 
als (primarily soda ash) and fuel. At the same time this will 
result in some changes in the technology of making such 
glass (change of the temperature regime of the furnace, melt¬ 
ing and fining time for the molten glass, and the properties of 
the manufactured glasses). 

In summary, the salvaging of cullet, a large amount of 
which is present on the entire territory of Russia, makes it 
possible to solve a number of production problems and im¬ 
prove the environment in industrial regions, while waste-free 
environmentally clean energy-conserving technologies will 
give a large economic effect. 
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